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Study of the tool wear in cryogenic milling of A356-10%SiC
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Composites are combined with at least two materials; one is considered as the base material and later is
used to improve the material properties. This study is also about one of the widely used composites so-
called aluminium metal matrix composites (AI-MMC) and additional reinforcing particles, including
silicon carbide (SiC). The main features of such composite are high hardness and strength, as well as
lightweight. The main disadvantages are low machinability and high wear in cutting tools. Several studies
have been conducted to improve the machinability of MMCs. The literature review in this domain denotes
that limited studies have yet been conducted on the effects of different cooling methods, especially
cryogenic cooling and related strategies, on the wear and tool life in the machining of MMCs. Therefore,
in this study, the effects of cutting parameters and cryogenic cooling on the tool wear in the machining of
A356-10%SiC were studied. Based on the statistical analysis, it was observed that the effects of cutting
parameters and cryogenic cooling parameters on the tool wear was significant (R>=0.97) and a robust
mathematical relationship exists between tool wear and the studied parameters. Moreover, compared with
previous studies, it was observed that tool life under cryogenic conditions was increased by around 26%
compared to readings made under dry condition.
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3- Pressure Regulator
4- Pressure Relief valve
5-Nozzle

6-Stainless Steel Cap

7- Stainless Steel Pipe
8-Insulated Stainless
Steel Hose
9-Pneumatic Hose
10-Steel Flow Valve

Fig. 2 Liquid nitrogen injecfion system
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Table 2 Analysis of variance of tool wear

P-Value Lisgie o DF Sl o fgomne e
0.0025 2655.19 1 2655.19 A:D
0.5927 47.25 1 47.25 B:P
0.0112 1552.69 1 1552.69 C:L
0.0004 4710.42 1 4710.69 D:vC
0.1859 315.063 1 315.063 AA
0.0316 992.25 1 992.25 AB
0.5195 69.0312 1 69.0312 AC
0.5598 56.3333 1 56.3333 BB

153.625 9 1382.63 Ttal error
17 46177.1 Total(corr.)
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Evaluation of matrix cracking in cross-ply composites using the finite element
simulation of guided Lamb wave propagation
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Nondestructive evaluation of mechanical properties and health monitoring of composite structures is of
great importance. The aim of this research was to propose a nondestructive evaluation method based on the
propagation of Lamb waves to investigate the matrix cracking damage in laminated cross-ply composites.
For this purpose, after developing the finite element model of a glass/epoxy composite, the Lamb wave
behavior was studied in two antisymmetric (Ao) and symmetric (So) modes with different excitation
frequencies. The dispersion curves of the Ay and So modes of the Lamb wave are then obtained by
considering different crack densities. It was observed that the effect of matrix crack density and the loss of
mechanical properties of the cross-ply composites on the phase velocity of the So Lamb wave mode was
higher than that of the A, mode. Furthermore, the detection of matrix cracking was better performed using
the Lamb wave velocity at high frequencies close to the cut-off frequency. It was observed that the cut-off
frequency decreased by increasing the crack density, and the drop in the Lamb wave velocity increased by
increasing the number of 90° layers in the cross-ply composite. It was concluded that the Lamb wave
propagation simulation method can be used as a virtual laboratory for nondestructive evaluation of
composites and detection of matrix crack density in them.
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Fig. 7 The dispersion curves of Lamb wave modes obtained using the
Dispersion Calculator software for a 3.152 mm thick glass-epoxy
composite specimen with the stacking sequence of [04/904]s
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Fig. 8 The dispersion curves of Lamb wave modes obtained using the
Dispersion Calculator software for a 3.152 mm thick glass-epoxy
composite specimen with the stacking sequence of [0,/90¢]s
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Fig. 9 Propagation of A, Lamb wave mode with the frequency of 175
kHz in the intact glass/epoxy composite specimen with the stacking
sequence of [04/904]s
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Fig. 10 Propagation of S, Lamb wave mode with the frequency of 200
kHz in the intact glass/epoxy composite specimen with the stacking
sequence of [04/904]s
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Table 3 The Ay Lamb wave velocity for the intact composite specimen
with the stacking sequence of [04/904]s calculated from the finite
element simulation and Dispersion Calculator software
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06 707.5 702.8 25
21 900 919.36 50
0.2 1050 1047.51 75
1 1120 1131.6 100
0.84 1200 1190 125
0.68 1223.77 1232.26 150
075 1254.36 1263.94 175
0.07 1287.42 1288.41 200
035 13125 1307.84 295
0.12 1325 1326.63 250
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Table 4 The So Lamb wave velocity for the intact composite specimen
with the stacking sequence of [04/90,]s calculated from the finite element

simulation and Dispersion Calculator software
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2.0 3333.33 3403.45 125
23 3300 33785 150
3.2 3237.5 3345.8 175
2.3 3225 3302.47 200
5.2 3075 3243.85 225
11 3125 3161.23 250
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Fig. 11 The displacement-time diagram of sensors located on the intact
composite specimen with the stacking sequence of [04/90,]s in which the
A, Lamb wave mode with the frequency of 175 kHz was propagated
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Table 2 Mesh independence analysis for an intact composite specimen

with the stacking sequence of [0,/90¢]s in which the A, Lamb wave mode
with the frequency of 175 kHz was propagated
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Table 7 The A, Lamb wave mode velocity for the intact [04/904]s
composite specimen and those with different crack densities calculated
using the finite element simulation
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Table 8 The S, Lamb wave mode velocity for the intact [04/904]s

composite specimen and those with different crack densities calculated
using the finite element simulation
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Fig. 12 (a) The propagation of the A, Lamb wave mode with the
frequency of 200 kHz in the composite specimen with the stacking
sequence of [04/904]s with 0.1 1/mm crack density and (b) the location of
the matrix cracks induced in the specimen.
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Fig. 13 The displacement-time diagram of sensors located on the

composite specimen with the stacking sequence of [04/904]s with 0.1

1/mm crack density, in which the A, Lamb wave mode with the

frequency of 200 kHz was propagated
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Table 5 The A, Lamb wave velocity for the intact composite specimen
with the stacking sequence of [02/906]s calculated from the finite
element simulation and Dispersion Calculator software
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Table 6 The S, Lamb wave velocity for the intact composite specimen
with the stacking sequence of [0,/90¢]s calculated from the finite element
simulation and Dispersion Calculator software
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Fig. 16 The dispersion curve of the A, Lamb wave mode calculated for

the composite specimen with the stacking sequence of [04/90,]s with

different crack densities
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Fig. 17 The dispersion curve of the S, Lamb wave mode calculated for
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Fig. 14 (a) The propagation of the S, Lamb wave mode with the
frequency of 200 kHz in the composite specimen with the stacking
sequence of [04/904]s with 0.1 1/mm crack density and (b) the location of
the matrix cracks induced in the specimen
wiged o 5meleS 200 il L el zge So 050 Ly () 14 IS
din) Sl 5 Jome (0 5 01— 55 IS L5 [0090c)e oz Y b 550l

Wged 4o o ol

0.009

0.006

0.003

-0.003

Displacement (pm)
o

R o S N,

-0.006

¥

-0.009

0 0.007 0.014 0.021 0.028 0.035 0.042 0.049
Times (ms)

Fig. 15 The displacement-time diagram of sensors located on the
composite specimen with the stacking sequence of [04/904]s with 0.1
1/mm crack density, in which the S, Lamb wave mode with the frequency
of 200 kHz was propagated
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Investigating the effects of shot peening and Polycaprolactone (PCL)

electrospinning surface treatments on the corrosion properties of Mg-2.5ZHA

biocomposite

Ali Negahban!, Milad Shamsi!, Mohammad Sedighi'”

1-School of Mechanical Engineering, Iran University of Science and Technology, Tehran, Iran.
*P.0.B. 16846-13114, Tehran, Iran, Sedighi@iust.ac.ir

Keywords Abstract

Mg-based biocomposite,
Surface treatment,
Coating,

Shot peening,
Electrospinning

Due to its biocompatibility and biodegradability, magnesium has become a very suitable candidate for
orthopedic implant applications. However, its high corrosion rate leads to rapid deterioration in corrosive
environments, resulting in premature failure of the implant before sufficient bone healing. In this regard, surface
modifications are required to improve corrosion resistance. This research investigates the effect of two surface
modifications, shot peening and electrospinning, on the corrosion properties of magnesium/hydroxyapatite
composite. Shot peening was performed using glass beads at an Almen intensity of 0.3 mmN and with 1007

coverage on the surface of the composite. Electrospinning was carried out using Polycaprolactone (PCL)
nanofibers at 18 kV for 30 minutes. Tensile-compressive tests were performed on the composite specimens.
Also, pH monitoring and weight loss tests were conducted on the shot peened and electrospun samples. The
results show that electrospinning decreased the corrosion rate of magnesium by 757 and 407 after 1 day and 7
days of immersion, respectively. Shot peening also reduced the corrosion rate by 357 and 207, respectively.
Electrospinning reduced the corrosion rate by limiting the contact surface area between the corrosive solution
and magnesium due to its high specific surface area for calcium-phosphate absorption. Shot peening, on the
other hand, delayed the corrosion by accelerating the formation of a passive layer, leading to increased

corrosion resistance in short periods.
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Fig. 3 The surface of samples (a) before and (b) after shot peening
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Fig. 6 (a) SEM image of nonwoven PCL coating made by
electrospinning and (b) distribution plot of the fibre size
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Experimental and Numerical Study of the Effect of Environmental Conditions on
the Tensile Strength of Adhesive, Riveted and Hybrid Joints of E-Glass/Epoxy
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Joints are considered as the weakest points in order to integrate the constituent members of a structure to transfer
and bear the load. After checking the parameters, preparing the surface of the joint area using sandpaper on two
levels using sandpaper with grain numbers of 220 and 400 and also controlling the thickness of the adhesive layer
on two levels of 0.13 and 0.26 mm. The meter and the type of drill used to make holes on both surfaces were
selected using a saw drill and a wood drill for rivet joint. The integration of selected parameters of two adhesive
and riveted joints is considered in order to investigate the combined joint. In this regard, the experimental design
using the Taguchi method has been carried out in the Minitab test design software. The purpose of conducting
the experimental part of this research, as mentioned in the previous lines, is to obtain optimal joints according to
the defined parameters and levels in order to set a standard and compare with the values obtained after performing
the test on the mentioned joints under the effect of 80 degree Celsius applied to the samples for four hours. In
order to bring the results closer to the industrial conditions, we connected a number of adhesives, riveted and
combined samples using the optimal levels of parameters defined for each of them, based on the zigzag
arrangement of four rivets along the width of the area, which are the samples defined in this section.
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Table 5 Mechanical properties of LR520 epoxy resin [12]
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Fig. 3 Aluminum rivet
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Fig. 1 Glass fiber fabric
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Table 6 Rivet specifications required for research based on the manufacturer's company information
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Fig. 8 (a) glass fiber fabric cut in the two mentioned dimensions, (b)
dacron fabric, (c) injection mesh fabric
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Fig. 9 (a) Transparent plastic tube, (b) spiral tube used in making
composite plates
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Nail: steel with galvanized coating
Rivet:Aluminum with 5050 alloy

Fig. 4 Blind rivet schematic
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Fig. 5 Cleaned plexiglass surface
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Fig. 6 (a) Plexiglas sheet bordered by sealing tape, (b) sealing tape
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Fig. 7 Separating wax and waxed mold surface
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Fig. 13 (a) composite plates after baking at ambient temperature, (b)
composite plates in the autoclave to perform the post-baking
process.
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Fig. 14 sample of adhesive dumbbells being stretched
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Fig. 10 Vacuum pump device.
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Fig. 11 Container for aeration of prepared resin
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Fig. 12 Resin flowing into the mold under vacuum
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Fig. 17 Two joint samples representing the surfaces sanded by each

of the sandpapers
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Fig. 18 Roughness meter and standard surface to calibrate the device
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Fig. 15 (a) sandpaper 220 and 400 (b) control of thickness 0.13 and
0.26 mm
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Table 7 Naming and specifications of adhesive joint samples
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Fig. 16 Determining the surface of the joint area
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Fig. 21 The sample was sanded with a 400 sander and a roughness
meter after measuring the Ra parameter
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Fig. 22 Adhesive joint sample after aplying adhesive and exposure

to thickness control constraints
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Fig. 23 Placing adhesive joint samples to perform adhesive post-

baking
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Fig. 19 The unsanded sample and the roughness meter after

measuring the Ra parameter
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Fig. 20 The sample was sanded with a 220 sander and a roughness
meter after measuring the Ra parameter
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Fig. 26 The sample fixed on the perforated mold after the drilling
process
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Fig. 27 (a) Riveting machine for aluminum rivets, (b) rivet joint
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Table 8 Naming and specification of rivet joint examples
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Fig. 24 (a) wood drill and (b) saw drill [8].
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Fig. 25 10 mm thick plexiglass mold with a 5 mm diameter hole
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Table 9 Hashin's two-dimensional criterion [13].
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Fig. 28 The window related to the specifications of single-layer
composite joint granulation
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4 Reduced integration
5 Hourglass Control
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Table 11 The design output of the combination test of Taguchi method
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Fig. 30 Diagrams related to the effect of the defined parameters of the
adhesive joint on its strength
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Table 10 The design output of Taguchi's adhesive bonding test
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Fig. 32 Stress-strain diagram of adhesive under the effect of
temperature of 80 degrees Celsius
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Fig. 33 Dumbbell samples made to check the mechanical properties
under the effect of temperature of 80 degrees Celsius

Floos Sl ol gy Caz ond adle Lals gladiges 33 S
ol 6l az 0 80 sles

3om oS cilw 4z 13 80 sloo Sl ot oz Lsls slodigas

355 o0 oanlie a5 jshilan sl o oanlin B34 S5 5 5
oloul Jore 2 0 )lads digas 0 .anil co Dglaie diged dw ;0 CenSD Joxo
S Sl (aigad 3550) Jlosl oo 2 1500 digad 99 &) S CenS
5 05050 ol @ bgrye oyl ol dalllas b il o 505 dadiged jo
St sladiged )3 QeSS iz b gl 0 a3 S plonil glatagy
Slossl Cwas plavlr 9 9508 polie Dol jolaie 4 Slbos (Ales]
Joee Aol ol oem co plol laiges (ol (53, 43,5 &)0—o ialoj]
S se o3 1 Loyl ad (505 b baaiges S 5l oas ol
o &y loie 4152 o lard iges odel Cwdy 4 b Aol s
K00 iges 90 a5 oloul 5l eaols )3 ladiges ad 5l Sy alols s
855 s & 3505 a5 0 (eSS S5 e B 5 1)
Azl Gt cdl olzl 5l 6 S sl ol 1Al ailosges Jozd 2 0 lais diges
5 50 ol & pladl (9051 ol 5l oas el men (gl tally (Silos oo
o0 ole gy ar3 o 1 Aigad 90 59,0 o35 5l eel Cony Gl
Sy e alalb 3l sl ey LS jhate ol sl e lo g
Bl 9o)d (e oS (o0 demsline 2 Wigad & i 3 5 1 gladigas
Sl olbule—g s polie 15 5 0050l diwloe |y a2 yo jlade a4 S s

—g d..lL: ).;.QLEA L: |) 0wl s J.ol:- 9 ML@JLSA o mebw )| &SJ)b

Main Effects Plot for Means
Data Means

Surface preparation The thickness of the adhesive layer Type of drill
13.0
12,5
o
c
&
@
=
=
o
c
3 120
=
ns
220 400 0.13 0.26 a)l res
Main Effects Plot for SN ratios
Data Means
Surface preparation The thickness of the adhesive layer Type of drill
222
220
2
T 218
[
z
&
oy
o 216
c
&
@
= o
212
210
220 400 013 0.26 ol ores

Signal-to-noise: Larger is better

Fig. 31 Diagrams related to the effect of the defined parameters of the
composite joint on its strength
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Fig. 35 Stress-strain diagram of composite multilayers under the
effect of ambient temperature
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Fig. 36 Multi-layered compogite samples under the effect of 80°C
temperature after tensile test
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Fig. 37 Schematic expressed in standard text (LAT) [15].
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Table 12 Mechanical properties of adhesive under the effect of ambient
temperature [14].
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Table 13 Mechanical properties of adhesive under the effect of
temperature of 80 degrees Celsius
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Fig. 34 Multi-layer composite samples under the effect of ambient
temperature after tensile test
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Table 16 The roughness values of the joint surfaces
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Fig. 39 Diagram of force-displacement of adhesive joints under the
effect of ambient temperature
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Fig. 40 Areas of adhesive joints under the effect of ambient
temperature after failure
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Fig. 38 Stress-strain diagram of composite multilayers under the
effect of temperature of 80°C
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Table 14 Values of mechanical properties of composite multilayers
under the effect of ambient temperature
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Table 15 Values of mechanical properties of composite multilayers
under the effect of temperature of 80 degrees Celsius

Sl o>y sles Sa9lS ole>
20886.6 MPa E1 Job SV Jsae
20886.6 MPa E2 o ye SVl Jgoko

0.2 - vl2 Ople o
483.19 MPa S1 Sl 2l plSoul

ain b slacyjeelS Sl Lolys oael Cwsds polie wyp b
ol 5 il a0 80 glod Jlosl 5l (o (oles (pl S al astive oS sy
ol axb S a5 50 Cdy S 4 a4zt b anl oo SRl cel 4 o
ol eaaay pl ol &) cde aS €@ S aos g oo Laaiges ol sl
O30 ) Sreely (JsSse e s sloo i S (65 SIS Ladiged
oolazunl 550 (13, &5 Lixo (pl 4 ol 00gy Silakad pl ol jo oolazl
Syt ot 53 iz 2t ol s Jlael 5 iy S o 5l
el a8l 513 JoSIge (o s sloo e

(SLS) 4 S5 YLl (y9051 gl -18
ol slalages a5 4 44 543 42 41 40 39 sla JS_5 o
g sl Jages oyl Jls] s g Lo (slas i1 ot pray oYL

2286

3359400 (5 )9Ud 9 pgle &y juis



33)920l5 (5 )9Ud 9 pole Ay yubs

Ol 5 g,lfl.w.n )Jl;

vmf}.ﬂ/d.umuk5LQ\_u)}mlfu»f):}u;/u.dmh;)lbaﬂdmufroL(:xuu|)JdLo.§ukume|)m)J|6.\A.cgd)mvm))s

diged S 0h am B A3 JS8 53 oo sy sl loged (o n b

ges Ol & S8 5 G 00t Jeie (§9 8 (e 1 S31212

Uil >l gl 44 US40 easl ool iy oxsS 55 JLuil o i
el 0 00l loled G |y (oS S

Fig. 44 Surfaces of composite bonding areas under the effect of
ambient temperature after fracture
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Table 17 Obtained properties of joints under the effect of ambient
temperature

Tt Ts A 5 Ll ygmy] diges
12.158 12.158 sz Jlas!
2.6405 2.6405 = Jlail
13.013 13.013 =5 5 Jlasl

S0y (sl oud iy pa (sla el e golaw gl Al b
4,080 slos 1o (6,8 )18 5l e oo Al aige Jloas! (oYL il
Gladges ad S5 i aS g3l b ol s ools )E g8 5 laskil
Sl gomin &g 4 ol 5 il 4z 50 80 sbes cov aigy o JLas!
oLz 46 45 sla S 50 sl 5l s by T Jlasl mhoss § (poloole—g 50
Lol ool ools
50 S gl solod sl jateie 46 IS o a5 jghiles
59 bl o b slos I con i SV ail aiiles SYLail oyl
80 sloo il v a2 p YLl Hlulo- 050348 447 gla SIS
ol 50 Lialed 4 w8 5l ey o] Jlasl zalass 55 g ol 5 il 4z )0

s

2287

9 S sl [0 o 28 (el edigh Jhae o S g4 g 935005
Ol 4 ez B red Wl e e b led e 4 S35
Jlail glaad 5l ol 0, 5 29,0 b Hlasl b Jlasl oasS ol Jols

w‘ DQ‘Q é) CanSls 9 W) OMM W U—| ;).a a

Force (N)

= f

-0.1 o 01 02 03 04 05 06 07

Displacement (mm)
——521CD1-1 =———521CD1-2 ———$21CD2-1

Fig. 41 Diagram of force-displacement of rivet joint under the effect
of ambient temperature
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Fig. 42 Rivet joint areas under the effect of ambient temperature after
failure
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Fig. 43 Force-displacement diagram of composite joint under the
effect of ambient temperature
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Fig. 49 Force-displacement diagram of composite joint under the
effect of temperature of 80°C
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Fig. 50 Optimum composite joint surface under the effect of 80°C
temperature after fracture
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Table 18 The obtained properties of joints under the effect of
temperature of 80 degrees Celsius
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Fig. 45 Diagram of force-displacement of adhesive joint under the
effect of temperature of 80 degrees Celsius
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Fig. 46 Optimum adhesive joint surface under the effect of 80°C
temperature after failure
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Fig. 47 Diagram of force-displacement of rivet joint under the effect
of temperature of 80 degrees Celsius
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Fig. 48 Optimum surface of rivet joints under the effect of
temperature of 80°C after failure
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Fig. 55 Force-displacement diagram of composite joint under the
effect of ambient temperature
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Fig. 56 The surface of composite joints based on the zigzag
arrangement of four rivets under the effect of ambient temperature
after failure
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Table 19 Obtained properties of joints under the effect of ambient
temperature
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Fig. 51 Diagram of force-displacement of adhesive joint under the
effect of ambient temperature
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Fig. 52 The surface of adhesive joints based on the zigzag
arrangement of four rivets under the effect of ambient temperature
after failure
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Fig. 53 Diagram of force-displacement of rivet joint under the effect
of ambient temperature
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Fig. 54 The surface of rivet joints based on the zigzag arrangement of
four rivets under the effect of ambient temperature after failure
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four rivets under the effect of temperature of 80°C after failure
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Table 20 The obtained properties of joints under the effect of
temperature of 80 degrees Celsius
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Fig. 63 Numerical and experimental results of hybrid joint
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Fig. 57 Force-displacement diagram of adhesive joint under the effect
of temperature of 80 degrees Celsius
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Fig. 58 The surface of adhesive joints based on the zigzag
arrangement of four rivets under the effect of temperature of 80 °C
after failure
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Fig. 59 Force-displacement diagram of rivet joint under the effect of
temperature of 80 degrees Celsius
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Fig. 60 The surface of rivet joints based on the zigzag arrangement
of four rivets under the effect of temperature of 80 °C after failure
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Fig. 61 Force-displacement diagram of composite joint under the
effect of temperature of 80°C
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Table 22 The maximum strength of adhesive, riveted and combined
joints under the effect of temperature of 80 degrees Celsius
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Fig. 66 Comparison of curves of experimental results and numerical
simulation of joints based on zigzag arrangement of four rivets under
the effect of ambient temperature
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Fig. 67 Comparing the curves of experimental results and numerical
simulation of joints based on zigzag arrangement of four rivets under
the effect of temperature of 80 degrees Celsius
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Fig. 64 Comparison of curves of experimental results and numerical
simulation of standard joints under the effect of ambient temperature
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Fig. 65 Comparison of the curves of experimental results and
numerical simulation of standard joints under the effect of
temperature of 80 degrees Celsius
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Table 21 The maximum strength of adhesive, riveted and combined

joints under the effect of ambient temperature
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Fig. 68 (a) Coordinates defined for a single composite layer, (b)
Coordinates introduced for the adhesive layer in the simulated joint
models.
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Table 23 The maximum strength of adhesive, riveted and combined
joints based on the zigzag arrangement of four rivets under the effect of
ambient temperature
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Table 24 The maximum strength of adhesive, riveted and combined
joints based on the zigzag arrangement of four rivets under the effect of
temperature of 80 degrees Celsius
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Fig. 71 Diagrams related to the shear stress component S12 of the
simulated samples based on the zigzag arrangement of four rivets
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Fig. 73 The path chosen to extract the S22 peeling stress component
from the composite single layer surface in the joint area
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Fig. 69 The path chosen to extract the S12 shear stress component
from the composite single layer surface in the joint area
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Fig. 70 Diagrams related to shear stress component S12 of simulated
joints
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Fig. 77 Diagrams of changes in normal stress component S33 at the
edge of adhesive layers of simulated standard joints
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Fig. 78 Diagrams related to the changes in the normal stress
component S33 in the adhesion layer of simulated joints based on the
zigzag arrangement of four rivets.
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Fig. 74 S22 Peeling Stress Component Diagrams of Standard
Simulated Joints
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Fig. 75 Diagram related to the peeling stress component S22 of the
simulated joints based on the zigzag arrangement of four rivets
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Fig. 76 The path chosen to extract the normal stress component S33
from the surface of the adhesive layer
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Analytical solution for stresses in the spherical shell of a thin-wall composite
multi-layer vessel under internal pressure by using the classical theory of shells

Hossein Farajollahil, Gholamhossein Rahimi'*

1- Department of Mechanical Engineering, Tarbiat Modares University, Tehran, Iran.
* P.0.B. 14115-111, Tehran, Iran, rahimi_gh@modares.ac.ir

Keywords Abstract

Obtaining stress values in spherical shell of a thin-walled composite multi-layer vessel in a completely
analytical way and independent of numerical methods in solving the equations is a subject that has not been
investigated so far. In this article, using a fully analytical solution based on classical shell theory, the stress
values in each layer of the spherical shell are obtained. In this solution method, by using equilibrium
equations, Hooke's law, strain-displacement and curvature-displacement relations, the governing equations
of general composite shells of revolution are extracted and then the governing equations of a symmetric
spherical shell are obtained. In the following, using displacement and rotation consistency equations, forces
and stresses at the intersection of the spherical and cylindrical composite shell are calculated, and then the
longitudinal and circumferential stresses due to internal pressure are extracted in each layer. Finally, the
results are compared with the results of the finite element numerical solution and it is shown that the stress
values obtained from the analytical results are in good agreement with the results of the numerical solution
and it is possible to use the results of this analytical solution to make optimally designed composite vessels.

Analytical Solution, Classic Theory,
Spherical Shell, Multi-Layer Composite
Vessel, Thin-Walled
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Derivation of the governing equations of the general composite
shell with classical theory
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v !
!

Applying displacement and rotation compatibility
relationships at the intersection of two composite shells
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¥
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validation of results and comparison
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Using cylindrical shell equations
of reference [12]

Fig. 2 Algorithm for extracting stresses in each layer of cylindrical
and spherical shells using analytical solution
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Fig. 1 Schematic of thin wall composite vessel with symmetrical
layering under internal pressure
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Fig. 11 Longitudinal stress at the lower surface +15 internal
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Fig. 19 Longitudinal stress on the upper surface +30 internal
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Nondestructive evaluation of corrosion in pipes with composite coating with the
finite element simulation of guided wave propagation

Parsa Ghasemi?, Siavash Kazemirad®”

1- School of Mechanical Engineering, Iran University of Science and Technology, Tehran, Iran
* P.0.B. 16846-13114, Tehran, Iran, skazemirad@iust.ac.ir
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This study aimed to propose an NDE method based on the guided wave propagation for assessing the
thickness loss (corrosion) in the metal pipes coated with composites. First, the finite element model of a
steel pipe with the thickness of 4 mm and diameter of 200 mm coated with a layered composite material
was developed, in which the composite coating constituted by the chopped strand glass fiber mat and woven
roving glass fiber cloth layers. Then, the fundamental antisymmetric guided wave mode with the frequency
of 100 kHz was propagated in the longitudinal direction of the structure and the phase velocity of the
propagated wave was measured in specimens with different corrosion extent in the steel pipe. In the first
step, a uniform corrosion was induced throughout the pipe, and in the next step, it was induced in a part of
the pipe with a specific length and circumferential angles of 90, 180 and 360 degrees. It was shown that the
reduction in the wave phase velocity in the corroded regions compared with the intact regions was between
9% to 33% for different corrosion extents. Besides, the detection of the corrosion in the steel pipe and its
location and extent was properly performed using the guided wave propagation method. It was concluded
that the simulated guided wave propagation method can be used as a virtual lab for the development of
methods for nondestructive evaluation of pipes coated with composites and detection of the location and
extent of corrosion in them.
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Fig. 1 Geometry of the steel pipe coated with composite material and
simulated in ABAQUS.
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Fig. 2 The position of the actuator and sensors on the specimens.
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Fig. 6 Partial corrosion in the pipe with a length of 40 mm and a
circumferential angle of 90 degrees.
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Fig. 7 The dispersion curves of guided wave modes obtained using the
GUIGUW software for a 4 mm thick carbon steel pipe coated with
a 3.16 mm thick composite coating.
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Fig. 4 Partial corrosion in the pipe with a length of 40 mm and a
circumferential angle of 360 degrees.
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Fig. 5 Partial corrosion in the pipe with a length of 40 mm and a
circumferential angle of 180 degrees.
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Fig. 8 The displacement-time diagram of sensors located at the distances
of 240, 280, and 320 mm on the steel-composite pipe at the frequency of
100 kHz.
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Table 2 The guided wave phase velocity in the steel-composite pipe obtained for different thicknesses of the steel layer using the FE simulations and

the GUIGUW software.
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Table 3 The guided wave phase velocity in the intact and 360 degrees corroded parts of the steel-composite pipe obtained for different thicknesses of
the steel layer in the corrosion region with the length of 40 mm using the FE simulations.
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Table 4 The guided wave phase velocity in the intact and 180 degrees corroded parts of the steel-composite pipe obtained for different thicknesses of
the steel layer in the corrosion region with the length of 40 mm using the FE simulations.
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Table 5 The guided wave phase velocity in the intact and 90 degrees corroded parts of the steel-composite pipe obtained for different thicknesses of
the steel layer in the corrosion region with the length of 40 mm using the FE simulations.
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Fig. 1 Results of three- point bending test for composite plate
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